SUMMARY Twenty-four-hour ambulatory ECG recording was performed in 26 patients with variant angina to evaluate the diurnal distribution of ST-segment elevation in relation to chest pain and the incidence of arrhythmias during the episodes. During a recording period of 52 days, 364 ST-segment elevations of 1 mm or greater were observed and 79% were asymptomatic. ST-segment elevation frequently occurred between 0:00 and 9:00 hours (72%) and most frequently between 5:00 and 6:00 hours (13%). Only a few episodes occurred between 10:00 and 18:00 hours. Premature atrial contractions, premature ventricular contractions (PVCs), ventricular tachycardia (VT) and complete atrioventricular block occurred during 12% of the episodes and were more common during painful episodes (32%) than during painless ones (6%). However, VT and severe forms of PVCs (couplets and bigeminy) appeared eight times during painless episodes and nine times during painful ones. Arrhythmias occurred more frequently when the elevated ST segment started to return or was returning to the control level (n = 38) than when the ST segment was rising (n = 8). The incidence of arrhythmias was lower when the daily frequency of ischemic episodes was high. This study shows that episodes of asymptomatic coronary artery spasm predominantly occur early in the morning as symptomatic episodes; complex dysrhythmias appear during the asymptomatic episodes; arrhythmias occur predominantly during a "reperfusion period;" and more arrhythmias accompany infrequent daily episodes of ischemia than frequent ones.
IN PATIENTS with variant angina, anginal attacks occur more frequently at midnight or early in the morning, and arrhythmias, including life-threatening ones, are common during the attack. [1] [2] [3] To our knowledge, however, no quantitative data have been reported on the diurnal distribution of ischemic episodes, such as chest pain and ECG changes, in variant angina except for a preliminary report by Kuroiwa, 4 which showed a higher frequency of recurrent ST-segment elevations early in the morning. It is important to clarify the diurnal distribution of the episodes for the evaluation of pathophysiology of variant angina as well as for treatment.
ST-segment elevation without pain has been observed in variant angina and recently proved to be due to coronary vascular spasm resulting, like painful STsegment elevations, in myocardial ischemia.5-7 Twenty-four-hour ambulatory ECG monitoring is a good tool for evaluating ST-segment elevation in variant angina, especially that without chest pain,2' 8.9 and can also be used to evaluate arrhythmias during the episodes.
In the present study, we studied the diurnal distribution of ischemic episodes with or without chest pain and the incidence of arrhythmias during the episodes using 24-hour ambulatory ECG recordings.
Materials and Methods
Twenty-six consecutive patients with variant angina admitted to our clinic from June 1976 to December 1981 were studied. Twenty-five were males and one was female, ages 44-72 years old. None of these patients had a history of myocardial infarction. Because all patients complained of chest pain at rest and transient ST-segment elevation had been confirmed by a standard 12-lead ECG, variant angina was diagnosed before 24-hour ambulatory ECG monitoring. ST-segment elevation was observed in the anterior leads in 15 patients and in the inferior leads in eight. Two CT
Trendgrams of ST segmen7t and heart rate from two patients, one who had a single episode (A) and one who had frequent episodes (B histogram of the frequency of ST-segment elevations. Most examined ambulatory ECG tapes showed only a few episodes of ST-segment elevation per day; in 36 of 52 tapes, ST-segment elevation was observed fewer than six times a day, and tapes with one event a day were the most common. On the other hand, more than 30 ST-segment elevations per day were observed only in three tapes. ST-segment elevations recurring 3 times/hour or more were observed in 19 tapes in 10 patients. ST-segment elevation was not associated with particular physical or mental activities and usually occurred at rest. In cases of chest pain at midnight or early in the morning, the patients woke up after the occurrence of chest pain, and in cases with painless ST-segment elevation, patients were usually asleep. ST-segment elevation was not'preceded by changes in heart rate in most cases. Heart rate changed slightly after the ST-segment elevation in many cases. In some cases, the heart rate increased during the ST segment elevation, whereas in some others it decreased.
Diurnal Distribution of ST-segment Elevations With and Without Chest Pain
The top panel of figure 3 shows the diurnal distribution of ST-segment elevations with or without chest pain. Most of the ST-segment elevations occurred from 0:00 to 10:00 hours (72%) and most frequently between 5:00 and 6:00 hours (48 episodes/hour [13%] ). A few episodes of ST-segment elevations were observed between 10:00 and 18:00 hours. As shown in the lower two panels of figure 3, The incidence of arrhythmias during ST-segment elevation was higher when the daily number of episodes was small (1-5 times/day) than when'the episodes were more frequent (6-19 times/day) (table 2) . When the episodes were very frequent (D 31 times/ day), no arrhythmias were observed. Figure 5 shows relationship between the number of ST-segment elevations per day and the incidence of arrhythmias during the episodes. An inverse, curvilinear (logarithmic) relationship was found (p < 0.01). tagonists or long-acting nitrates will be very important.
